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1. Name o f  t h e  i n v e n t i o n  
Method t o  p r e p a r e  a f i l m  of o x i d e  
2 .  Scope  o f  t h e  p a t e n t  a p p l i c a t i o n  
(1) I n  t h e  p r o d u c t i o n  o f  metal o x i d e  uI. Y , ~  ... Y ~ J  3. (No te :  
M 1 ,  M 2  ... M i  i n d i c z i t e s  metal e l e m e n t ) ,  t h e  p r o d u c t i o n  p r o c e s s  
s t a r t s  from t h e  a l l o y  u I , n I ,  ... Y ~ J  c o n s i s t i n g  o f  t h e  o x i d e  of t h e  
above  d e s c r i b e d  metal .  The method t o  p r e p a r e  o x i d e  f i l m  
a c c o r d i n g  t o  t h i s  i n v e n t i o n  i s  c h a r a c t e r i z e d  by t h e  
m a i n t e n a n c e  o f  said alloy uar% ... ~ 1 1 1  a t  h i g h  t e m p e r a t u r e  i n  t h e  
p r e s e n c e  o f  oxygen a n d  hav ing  i t  o x i d i z e d  w i t h  Y 1 8 Y I #  - Y i J  
( 2 )  The method t o  p r e p a r e  a f i l m  o f  o x i d e  a c c o r d i n g  t o  
t h i s  i n v e n t i o n  i s  c h a r a c t e r i z e d  by t h e  f a c t  t h a t  t h e  me ta l  
elements which c o n s t i t u t e  s a i d  me ta l  a l l o y  c o n t a i n  a t  l ea s t  
one  k ind  o f  t r a n s i t i o n  e l emen t .  
( 3 )  T h e  method t o  p r e p a r e  a f i l m  o f  o x i d e  a c c o r d i n g  t o  
t h i s  i n v e n t i o n  i s  c h a r a c t e r i z e d  by t h e  f a c t  t h a t  t h e  m e t a l  
e lements  which c o n s t i t u t e  s a i d  m e t a l  a l l - o y  a r e  t h i n  f i l m s  o f  
bar ium and t i t a n i u m  i n  a lmost  t h e  same mol r a t i o .  
3 .  D e t a i l e d  e x p l a n a t i o n  o f  the  i n v e n t i o n  
T h i s  i n v e n t i o n  c o n c e r n s  t h e  method t o  p r e p a r e  a f i l m  o f  
o x i d e  which i s  s t a r t e d  from metal a l l o y s  o f  metal o x i d e  
metals. 
T h e r m i s t o r s  have  been wide ly  used  a s  t e m p e r a t u r e  s e n s o r s  
a s  w e l l  a s  s e n s o r s  t o  detect r a d i a t e d  h e a t  i n  t h e  measurement 
o f  t h e  wind v e l o c i t y ,  f l o w  speed o f  l i q u i d ,  d e g r e e  o f  vacuous  
c o n d i t i o n  and m i n u t e  f l o w  volume, and t h e r m a l  t r a n s m i s s i o n  
r a t e  o f  g a s e s  ... e tc .  The mater ia ls  used  i n  t h e  t h e r m i s t o r s  
are m a i n l y  o x i d e  o f  t r a n s i t i o n  metals c o n s i d e r i n g  t h e  t h e r m a l  
s t a b i l i t y  o f  s u c h  materials.  S i n c e  t h e r m i s t o r s  f o r  the 
measurement  p u r p o s e  r e q u i r e  qu ick  r e s p o n s e ,  small s i z e  pead -:rQ 
t y p e  t h e r m i s t o r s  a r e  g e n e r a l l y  u s e d .  Such  t h e r m i s t o r s  a r e  
m a n u f a c t u r e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  s t e p s .  
F i r s t ,  o x i d e  o r  c a r b o n a t e  o f  t r a n s i t i o n  metals i s  mixed 
a c c o r d i n g  t o  p r e s c r i b e d  r a t i o ,  and t h e  m i x t u r e  i s  p r e s s u r e  
formed and s i n t e r e d .  (A t  t h i s  s t a g e ,  t h e  s i n t e r e d  mater ia l  
becomes t o  p o s s e s s  t h e  c h a r a c t e r i s t i c s  o f  t h e  t h e r m i s t o r . )  
The  s i n t e r e d  mater ia l  i s  ground and made i n t o  t h e  t h e r m i s t o r  
powder ,  which i s  made i n t o  a p a s t e  u s i n g  a n  aqueous  s o l u t i o n  
c o n t a i n i n g  a few X of  d e x t r i n  a s  a b i n d e r .  T h e  p a s t e  i s  
a p p l i e d  o v e r  two p l a t i n u m  l i n e s  s t r e t c h e d  p a r a l l e l  t o  each 
o t h e r .  Then ,  i t  i s  d r i e d  ana s i n t e r e d .  
I n  t h e  m a n u f a c t u r i n g  p rocess  of  t h e  pead :'$: t Y  P e  
t h e r m i s t o r ,  i t  i s  extremely i m p o r t a n t  t o  s t r i c t l y  manage t h e  
raw material s i n c e  i m p u r i t y  c o n t a i n e d  i n  the raw material  w i l l  
a f f e c t  t h e  c h a r a c t e r i s t i c s  of  t h e  t h e r m i s t o r .  A s  c lear ly  
e x p l a i n e d  i n  t h e  m a n u f a c t u r i n g  p r o c e s s  o f  t h e  pead w t y p e  
t h e r m i s t o r ,  t h e  s i z e  o f  t h e  g r a i n ,  v i s c o s i t y  o f  t h e  p a s t e ,  the  
d i s p e r s i o n  r a t e  o f  t h e  t h e r m i s t o r  powder w i t h i n  t h e  p a s t e ,  and  
t h e  volume of t h e  p a s t e  a p p l i e d  on t h e  pead f:; a r e  some of  t h e  
f a c t o r s  which c o n t r o l  t h e  c h a r a c t e r i s t i c s  of t h e  e l e m e n t .  
G e n e r a l l y  s p e a k i n g ,  a l l  o f  t h e s e  f a c t o r s  a re  d i f f i c u l t  t o  
c o n t r o l .  A c c o r d i n g l y ,  f l u c t u a t i o n  i n  t h e  f i n i s h e d  p r o d u c t  i s  
n o t  rare .  T h e r e f o r e ,  t h e  r e l a t i v e  d i f f e r e n c e  i n  
c h a r a c t e r i s t i c s  among t h e  e l emen t s  h a s  been t h e  b i g g e s t  
p roblem.  
The o b j e c t i v e  of  t h i s  i n v e n t i o n  i s  t o  e l i m i n a t e  t h e  
s h o r t c o m i n g  d e s c r i b e d  above  and t o  p r o v i d e  t h e  method t o  
p r e p a r e  a f i l m  of  o x i d e  by w h i c h  m i n i a t u r i z e d  t h e r m i s t o r s  w i t h  
t h e  l e a s t  amount of f l u c t u a t i o n  and  t h e  h i g h e s t  l e v e l  o f  
d e p e n d a b i l i t y  can b e  manufac tured .  
The f i l m  o f  o x i d e  by t h i s  i n v e n t i o n  p r e f e r a b l y  i s  made 
from h i g h l y  p u r e  and e v e n l y  formed a l l o y s  o f  a ro l l ed  m e t a l  
s h e e t ,  c a b l e  mater ia l  o r  p l a t i n u m .  ‘These f i l m s  o f  o x i d e  a r e  
known t o  make t h e  b e s t  u s e  of t h e  t h e r m i s t o r  c h a r a c t e r i s t i c s  
of  t h e  f i l m s  of  o x i d e .  Because i t  i s  p o s s i b l e  t o  i n t r o d u c e  
t h e  t echno logy  of  mic ro -manufac tu r ing  a s  f a r  a s  t h e  a l l o y  
f i l m s  a r e  c o n c e r n e d ,  i t  i s  p o s s i b l e  t o  u n i f o r m a l i z e  t h e  
s u p e r i o r  cha rac t e r i s t i c s  of t h e  t h e r m i s t o r .  
N e x t ,  t h e  method t o  manufac tu re  a f i l m  o f  o x i d e  a c c o r d i n g  
t o  t h i s  i n v e n t i o n  i s  e x p l a i n e d  i n  the  p r a c t i c a l  a p p l i c a t i o n s  
of  t h i s  i n v e n t i o n  u s i n g  t h e  example of t h e  t h e r m i s t o r .  
P r a c t i c a l  a p p l i c a t i o n  #l 
A r e c t a n g u l a r  piece, 2 m m  wide and 4 m m  l o n g ,  was c u t  
from a r o l l e d  s h e e t  of metal, 0.5 mm i n  t h i c k n e s s ,  made o f  a n  
a l l o y  o f  n i c k e l  and  i r o n  which c o n t a i n e d  20  w e i g h t  % o f  i r o n .  
The metal p i e c e  was h e a t e d  t o  800 d e g r e e s  C i n  t h e  a t m o s p h e r e  
f o r  30 m i n u t e s  i n  o r d e r  t o  form a d e n s e  f i l m  o f  o x i d e  on t h e  
s u r f a c e  o f  t h e  r e c t a n g u l a r  p i e c e .  N e x t ,  s i l v e r  g l a z e  p a s t  was 
a p p l i e d  t o  t h e  b o t h  end  of  t h e  r e c t a n g u l a r  p i e c e ,  and  t h e  
r e c t a n g u l a r  p i e c e  was baked i n  o r d e r  t o  g l a z e  t h e  p a s t  on t h e  
r e c t a n g u l a r  p i e c e .  Lead wires were a t t a c h e d  t o  t h e  p i e c e  w i t h  
a s o l d e r i n g  i r o n  i n  o r d e r  t o  measure t h e  t h e r m i s t o r  
cha rac t e r i s t i c s  of  t h e  p i e c e .  'The res is tance f i g u r e  a t  2 4  
d e g r e e s  C t e m p e r a t u r e  was 45.7 K Ohm, and  t h e  B c o n s t a n t  was 
4260.  
P r a c t i c a l  a p p l i c a t i o n  P2 
A c a b l e  wire,  1 m m  i n  d i a m e t e r ,  made o f  a n  a l l o y  o f  
n i c k e l  and i r o n  c o n t a i n i n g  20 w e i g h t  X of  i r o n  was c u t  t o  4 mm 
l e n g t h  and kep t  i n  t h e  a tmosphere a t  800 d e g r e e s  C t e m p e r a t u r e  
f o r  30 m i n u t e s  i n  o r d e r  t o  f o r m  a d e n s e  f i l m  of  o x i d e  o n  i t s  
s u r f a c e .  N e x t ,  i r o n  g l a z e  p a s t  was a p p l i e d  t o  t h e  b o t h  e n d  o f  
t h e  w i r e ,  and t h e  c a b l e  wi re  p i e c e  was baked i n  o r d e r  t o  g l a z e  
t h e  p a s t  on t h e  wire p i e c e .  T h e r m i s t o r  c h a r a c t e r i s t i c s  o f  t h e  
wire cable  p i e c e  were measured a c c o r d i n g  t o  t h e  same method as 
t h e  p r a c t i c a l  a p p l i c a t i o n  #l. 
d e g r e e s  C was 50.3 K Ohm, and t h e  f3 c o n s t a n t  was 4230.  
T h e  r e s i s t a n c e  f i g u r e  a t  2 4  
P r a c t i c a l  a p p l i c a t i o n  #3 
An a l l o y  o f  c o p p e r ,  n i c k e l  and manganese c o n t a i n i n g  60 % 
of  c o p p e r ,  20 % of n i c k e l  and 20 % of manganese was 9:;' on t h e  
a l u m i n a  s u b s t r a t e  by e l e c t r o n i c  beams. The s h a p e  of t h e  :+ 
f i l m  was r e c t a n g u l a r ,  3 m m  i n  wid th  and  4 mm i n  l e n g t h ,  and 
a p p r o x i m a t e l y  2 micra i n  t h i c k n e s s .  The  p i e c e  was o x i d i z e d  i n  
t h e  a tmosphe re  a t  850 d e g r e e s  C t e m p e r a t u r e  f o r  15 m i n u t e s .  
N e x t ,  ;\;': g l a z e  p a s t e  was p r i n t e d  on t h e  b o t h  e n d  o f  t h e  metal 
p i e c e ,  and t h e  p i e c e  was baked i n  o r d e r  t o  g l a z e  t h e  p a s t e  on 
t h e  p i e c e .  T h e r m i s t o r  c h a r a c t e r i s t i c s  of  t h e  metal  p i e c e  was 
measured a c c o r d i n g  t o  t h e  same method a s  t h e  p r a c t i c a l  
a p p l i c a t i o n  #l. T h e  r e s i s t a n c e  f i g u r e  a t  2 0  d e g r e e s  C was 5 . 5  
;'i;k M Ohm, and t h e  B c o n s t a n t  was 2500.  
P r a c t i c a l  a p p l i c a t i o n  # 4  
A f i l m  c o n s i s t i n g  of  manganese,  c o b a l t  a n d  n i c k e l  i n  t h e  
riiol r a t i o  of  2 : 3 : 1 was formed o v e r  t h e  s u r f a c e  o f  a S i 0 2  
c o a t e d  :':;': s i l i c o n w a r e  through t h e  e v a p o r a t i o n  method a s  w e l l  
a s  t h e  e l e c t r o d e p o s i t i o n  method i n  t n e  t h i c k n e s s  o f  100 micra. 
A r e c t a n g u l a r  p a t t e r n ,  2 mrn i n  w i d t h  and 3 m m  i n  l e n g t h ,  was 
formed on t h e  s u r f a c e  of the  e l e c t r o d e p o s i t i o n  f i l m  th rough  ( 
) :I.-:'.- method,  and t h e  unnecessa ry  p a r t s  were removed. After  
t h a t ,  t h e  s u r f a c e  was o x i d i z e d - i n  t h e  a tmosphe re  a t  850 
d e g r e e s  C t e m p e r a t u r e  f o r  two h o u r s .  A f t e r  p r i n t i n g  and  
b a k i n g  s i l v e r  g l a z e  p a s t e  a t  the b o t h  end o f  t h e  r e c t a n g u l a r  
p i e c e ,  i t  was c u t  i n t o  30 e q u a l  t e s t  p i e c e s .  T h e  e x a m i n a t i o n  
t o  c h e c k  t h e  t h e r m i s t o r  c h a r a c t e r i s t i c s  of t h e s e  30 t e s t  
p i e c e s  was conduc ted .  The a v e r a g e  resistance f i g u r e  a t  2 0  
d e g r e e s  C t e m p e r a t u r e  was 53.4 K Ohm, and t h e  f l u c t u a t i o n  i n  
t h e  f i g u r e  was w i t h i n  t h r e e  p e r c e n t .  The a v e r a g e  B c o n s t a n t  
was 5537, and t h e  f l u c t u a t i o n  i n  t h e  13 c o n s t a n t  was w i t h i n  one 
p e r c e n t .  
P rac t ica l  a p p l i c a t i o n  # 5  
B a r i u m  and t i t a n i u m  were s i m u l t a n e o u s l y  b u t  i n d e p e n d e n t l y  
formed th rough  e v a p o r a t i o n  th rough  t h e  e l e c t r o n  beam method 
o v e r  t h e  s u r f a c e  of  a s u b s t r a t e  made o f  a p i e c e  o f  py rex  
g l a s s .  'The c o n d i t i o n  of  t h e  e v a p o r a t i o n  was s e t  s o  t h a t  t h e  
mol r a t i o  o f  bar ium and t i t a n i u m  would b e  a l m o s t  t h e  same. 
A c c o r d i n g l y ,  a 7000 A t h i c k  f i l m  was formed. The f i l m  was 
l e f t  i n  t h e  a tmosphere  f o r  three h o u r s  a t  700 d e g r e e s  C 
t e m p e r a t u r e  i n  o r d e r  t o  o x i d i z e  i t .  An X-ray  examina t ion  
r e v e a l e d  t h a t  t h e  f i l m  was made o f  Lia'Ti.03. 
0 
A s  c l e a r l y  shown i n  t he  above  examples  of p r a c t i c a l  
a p p l i c a t i o n s ,  t h e  method t o  form a f i l m  o f  o x i d e  a c c o r d i n g  t o  
t h i s  i n v e n t i o n  i s  q u i t e  easy. An extremely e v e n l y  formed f i l m  
o f  o x i d e  can be o b t a i n e d  a c c o r d i n g  t o  t h i s  method. I n  
a d d i t i o n ,  t h e r m i s t o r s  which uses t h e  f i l m s  o f  o x i d e  by t h i s  
i n v e n t i o n  a r e  f a r  more advanced ( improved)  compared t o  t h e  
e x i s t i n g  t h e r m i s t o r s  i n  i n t e r c h a n g e a b i l i t y  among t h e r m i s t o r s  
which  was c o n s i d e r e d  d i f f i c u l t  i n  t h e  p a s t .  F u r t h e r m o r e ,  i t s  
a p p l i c a t i o n  t o  d i e l e c t r i c  mater ia ls  e n a b l e s  small i n  s i z e  b u t  
l a r g e  c a p a c i t y  c a p a c i t o r s .  
4 .  B r i e f  e x p l a n a t i o n  o f  f i g u r e s  
No f i g u r e s .  
A p p l i c a t i o n  of  c o r r e c t i o n  
To: D i r e c t o r ,  J a p a n e s e  P a t e n t  O f f i c e  
1 .  D i s p l a y  of  t h e  item: 
P a t e n t  A p p l i c a t i o n  454-07203’3 
2 .  Name of  t h e  i n v e n t i o n :  
A method t o  p r e p a r e  a f i l m  o f  o x i d e  
3 .  P e r s o n  making t h e  c o r r e c t i o n :  
R e l a t i o n s h i p  w i t h  t h e  item: A s s i g n e e  of t h e  p a t e n t  
M a t s u s h i t a  E lec t r ic  I n d u s t r i e s  C G . ,  L t d .  
Oaza Kadoma 1 W b ,  Kadoma-Shi, Usaka-Fu,  J a p a n  
4 .  Agent:  
l s a o  Abe, P a t e n t  L a w y e r  
3-Chorrie, 1 2 - 1 1 ,  ivlinami-Cho, Kokubunj i -Shi ,  Tokyo 
5 .  Date of  t h e  c o r r e c t i o n  o r d e r :  
August  4 ,  1979 
6 .  Item t o  be c o r r e c t e d :  
L i n e  1 9 ,  Page  4 ( o f  page 180)  
7 .  C o n t e n t  o f  t h e  c o r r e c t i o n :  
i r o n  g l a z e  p a s t e "  i s  changed t o  r e a d  " s i l v e r  g l a z e  I t  
p a s  tell 
[ T r a n s l a t o r ' s  n o t e ]  
Numerous l e t t e r s  and numbers h a v e  been found t o  b e  
u n d e c i p h e r a b l e  due  t o  t h e  poor  q u a l i t y  of p r i n t i n g  of  t h e  
o r i g i n a l  t e x t .  T h e s e  l e t t e r s  and numbers a r e  marked w i t h  $+. 
1. Report No. 
USA 'ITYI-88521 
4. T i t l e  and Subtitle 
ilETHOD TO PREPARE OXIDE FILMS 
2. Government Accession No. 3. Recipient's Catalog No. 
5. Report Date 
SEPTEMf3ER 1986 
17. Key Words (Selected by Author(s)) 
6. Performing Organization Cod. I 
18. Distr ibution Statement 
Unclassified - Unlimieed 
8. Performing Organization Report No. 
9. Performing Orgpnirat ion Name and Address 
7. Au thodr l  
jirota, T. 
113. Type of Report and Per iod  Covered 
Jet Propulsion Laboratory 
1.800 Oak Grove Dr., Pasadena CA 91109 
20. Security Classif .  (of th is  page) 21- No. of  Pages 
UNCLASSIFIED 9 
- A  I TRANSLATION 
.' 
22. P r i co  '*, 
14. Sponsoring Agency Code 
2. Sponsoring Agency Name and Address 
UTIONAL AERONAUTICS AND SPACE ADMINISTRATION 
VASI-IINGTON , D . C . 20546 
5. Supplementnry Nates 
rranslation of: 4Japanese patent no. 55-167129, December 26, 1980, 
rokyo Japan, pp. 179-181 
6. Abstract 
rhis invention pertains to a method for producing metal oxide films 
characterized by the fact that the metal elements constituting the 
nain metal allyys contain at least one kind of transition element, 
and that the metal elements which constitute said metal alloy are 
thin films of barium and titanium in almost the same mol ratio-: 
19. Security Classif. (o f  th is  report) 
UNCLASSIFIED 
I I 
N AS A-H Q 
